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Abstract— In 1904, the French government asked the
psychologist Alfred Binet to devise a general test of intelligence
that could be used to identify pupils who were behind their age
cohort, in order to give them extra help to bring their level up to
that of their peers.
For most of the 20th century, intelligence testing has played a
major role in education, unfortunately to categorize pupils at an
early stage in the life, rather than to help them. In the last two
decades, much work has been done in broadening the testing of
students, especially in examining the relationship between socalled non-cognitive factors and academic success. This paper
looks at that relationship for seven common factors, the
American Psychological Association’s ‘Big 5’ Personality Traits
(openness to experience, conscientiousness, extraversion,
agreeableness, and neuroticism, often represented by the
acronym OCEAN), Stanford psychologist Carol Dweck’s
Mindset test and University of Pennsylvania psychologist Angela
Duckworth’s Grit test (defined by her to be a a combination of
passion and perseverance).
The paper examines the correlation between scores on these
tests and academic results. The results were surprising, in that
the Irish students showed little or no correlation between their
Grit scores and their academic success, contrary to the American
experience. One positive was the internal consistency of the
results, with students’ scores in the APA’s Big 5 trait closest to
Grit, conscientiousness, also showing no relationship to academic
success.
Keywords— non-cognitive factors, Mindset, Grit, APA Big 5)

I. INTRODUCTION
The inscription above the temple of Apollo at Delphi reads:
γνZθισεαυτόν, or ‘know yourself’. The ancient Greeks took
self-knowledge seriously, as according to Plato, who was
himself fond of employing the Delphic maxim, Socrates
claimed that ‘the unexamined life is not worth living.’ (Plato,
Apologia. 38a).
Two thousand years later, the question of self-knowledge
became a more general one after the Industrial Revolution
made the workplace a more complex area, and forced
governments to meet the needs of industry by educating all

their children. In France, Napoleon established the lycées in
1802. Napoleon was a military man, and organised the schools
on a military basis. He wanted to know what every child in
France was studying at a particular hour of the day. Such
attention to detail can have its upsides. In the late nineteenth
century, schooling became compulsory for all children aged six
to fourteen, and in order to make the school system more
efficient, the French government wanted a means of testing
each student on entry, so that those who required more
resources could be given them, and those who didn’t, not. They
asked Alfred Binet and Théodore Simon to devise a simple test
to determine where a child stood vis-à-vis their peers. In other
words, the aim of the test was not to establish an absolute scale
of intelligence, or metal ability, but to establish a mental age
for a child, to see whether the child was advanced or retarded
with respect to their age cohort.
Binet’s intention was the children identified as being
retarded, i.e. behind their peers of the same age, could be given
extra help to catch up, as Binet regarded intelligence as
malleable. However, many governments took the opposite
view, seeing intelligence as measured by the Binet-Simon test
as absolute and unchanging, and ignoring those below a certain
level instead of working harder with them. The words
themselves became poisoned, as terms such as ‘retarded’ and
‘sub-normal’ lost their technical meaning and became
pejorative.
Binet himself used the French word faible, or weak to
describe children behind their peers, but American
educationalists who adopted his system of testing coined their
own word, moron, from the Greek for foolish, leading to yet
another unfortunate term of abuse.
The other major problem with the Binet-Simon test is
standardization, i.e. testing a large sample of children of
different ages in order to establish the average for each age.
Choice of this reference group is contentious, as many of the
test questions are based on cultural norms of middle-class
French (or Americans) and are quite alien to working class or
immigrant children.
Over the past twenty years, educational psychologists have
become aware of the importance of non-cognitive factors on
the academic success of students. The excitement generated by
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this research stems from the fact that many of these factors are
learnt, and if detrimental to learning, can be unlearnt.
The term ‘non-cognitive’ is, of course, a misnomer, as all
the activity being studied is cognitive, just not traditionally
academic. Duralak [1] suggests the phrase ‘social and
emotional learning’, but it has proven difficult to shift the longused term ‘non-cognitive.’
This paper looks at seven key non-cognitive factors, the
American Psychological Associations so-called Big 5
Personality Types (often referred by the acronym, OCEAN) [2]
developed in the 1960s, and two newer metrics, Mindset,
developed by Carol Dweck of Stanford University, and Grit,
developed by Angela Duckworth of the University of
Pennsylvania. Duckworth defines Grit as a combination of
passion and perseverance, and through testing, she can
determine a Grit score for everyone. This score, her research
shows, is crucial for future success in life. Again, for
individuals with a low Grit score, it is possible to learn how to
be gritty.
This paper examines how OCEAN, Grit and Mindset scores
for engineering undergraduates correlate with academic
success, in the form of a short Maths test that focuses on basic
problem solving ability, rather than the standard exams which
can have a large element of memory accounting for grades.
II. THE NON-COGNITIVE FACTORS: MINDSET
The US psychologist, Carol Dweck [3], identifies two
mindsets, fixed and growth. Fixed minds make little effort,
relying on their ability. If their ability is not enough, they quit,
usually blaming someone or something for their failure.
Growth mindset people know they have to work. They
accept failure along the way as a challenge, a lesson, not a
reason to give up.
The fixed mindset is easy. You don’t have to do any work,
because you either have it or you don’t. If you don’t succeed,
it’s not your fault, it’s someone else’s: your teacher, the
referee, your boss.
The growth people enjoy working to succeed, enjoying the
challenge of getting there.
Malcolm Gladwell [4] put a rough number on the effort
hours needed for complete mastery: 10,000. He reckons that’s
roughly the hours put in by diverse people, from a teenage Bill
gates on his computer, to the young Beatles in Hamburg.
Before their amazing success, there were years of work which
moved them up a level from the rest of us.
Dweck has devised an eight-item self-answered survey,
with a six-point Likert answer scale with possible responses
ranging from ‘disagree a lot’ to ‘agree a lot’.
The key lesson from Dweck’s work is that Mindset is
acquired, and can be changed. She has devised online
workshops to help people make the change from fixed to
growth mindsets, and this has resulted in improved academic
scores.

III. THE NON-COGNITIVE FACTORS: GRIT
Grit for much of 20th century America was seen as an
essential individual virtue to foster the frontier spirit that had
made America great. In the early 21st century, grit was
reinvented as an educational virtue by Angela Duckwork of the
University of Pennsylvania. Duckworth was a student of
Martin Seligman, one of a number of graduate students in the
1960s who rebelled against the orthodoxy of American
psychology, B. F. Skinner’s behaviourism. Skinner had little
time for conscious thought: humans, like other animals
responded to conditioning (does the name Pavlov ring a bell?).
[5]
Seligman studied what he called learned helplessness,
which he saw as a key factor in unipolar depression. People
learnt to be helpless through failure, which led some to see all
their actions as futile. Seligman believed that what could be
learnt, could be unlearnt, and this was one of the key insights
of what is now known as Cognitive Behaviour Therapy (CBT).
This is crucial to Duckworth’s educational research: people
learn bad, or negative behaviour, which affects their success in
life, but this can be unlearnt.
Duckworth’s work as a graduate student in 2004 was
focused on grit, which she defines as a combination of passion
and perseverance. In that year she gave a basic Grit Test to the
incoming West Point cadets. Their first real test was the
Barrack’s Beast, a seven-week -period of grueling physical and
mental exertions. Despite the huge effort needed to get into
West Point, nearly 20% will drop out before graduation, many
after the Beast. Duckworth found that her Grit Test was a better
predictor of success in the Beast than any other indicators, such
as SAT scores. Of course, an obvious objection to this is that
the Beast is all about grit. The US Army makes the cadet’s life
miserable for seven weeks to see who has the staying power.
[5]
Duckworth went on to study other areas, with notable
success, such as graduate sales trainees and Spelling Bee
contestants. All showed that a high grit score was the best
predictor of success.
IV. THE NON-COGNITIVE FACTORS: BIG 5
PERSONALITY TYPES
Psychology in the first half of the 20th Century saw a
multiplicity of experiments demonstrating a multiplicity of
personality components, almost as if new researchers invented
a new personality component to explain experimental findings.
The first attempt to reduce the number of components was
done by Ernest Tupes and Raymond Christal in 1961, but it
was slow to catch on. Lewis Goldberg of the University of
Oregon was the principal creator of the modern ‘Big 5’,
adapted by the American Psychological Association as
encompassing all aspects of human personality. The five types,
and their realization (qualities most associated with the type)
are:
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TABLE I.
APA Personality Types
Personality Type

Openness

Conscientiousness

Extraversion

Agreeableness

Neuroticism

Realization

reflected in a
strong intellectual
curiosity and a
preference for
novelty and variety
exemplified by
being disciplined,
organized, and
achievementoriented
displayed through a
higher degree of
sociability,
assertiveness, and
talkativeness
being helpful,
cooperative, and
sympathetic
towards others
degree of
emotional stability,
impulse control,
and anxiety

V. METHODOLOGY
In the physical sciences, theory is verified, or falsified, by
laboratory experiments. Even in Psychology, which deals with
the more complex and multi-faceted subject of human beings,
it is possible to devise empirical experiments to test various
theories. Walter Mischel’s famous Marshmallow test, first
done at Stanford in the early 1960s measured children’s selfcontrol by how long they could resist a marshmallow, given the
promise of a second one if they waited. [6]
In educational research, it is rarely possible to do such tests,
both on grounds of scale and expense. Instead, the researcher is
reduced to devising surveys, and hoping that students will take
them seriously enough to answer honestly. This paper relies on
surveys using standard instruments developed by psychologists
over many decades, and tested on tens of thousands of students,
mainly in the United States. Even with good quality
instruments, there are still some issues:
1. Only those who attend can answer, making university
surveys quite different from primary and secondary level where
attendance is legally compulsory.
2. The surveys are voluntary, so only those motivated
will answer.
3. Lazy, careless, under-motivated students will give
poor answers, will write badly (making responses difficult to
decipher), will skip questions, or will answer 3 for most 5-item
Likert surveys.

4. Longitudinal surveys are particularly problematic, as
the subset who respond are never the same from survey to
survey.
5. The questions are standard instruments developed by
organizations such as the APA. The language can be confusing
for young students, e.g. words such as ‘diligent’, ‘aloof’, not
normally a part of a teenager’s vocabulary. This is even more
true for non-native speakers of English.
6. The questions can be a little off-putting for
Engineering students, e.g. the APA’s ‘are you sophisticated in
arts and music.’ This is unlikely to produce a positive response
in the average Engineering student.
7. The questions in Mindset are ambiguous. For
example, ‘I like my work best when I can do it really well
without too much trouble’ is evidence of normal laziness, not
necessarily of a closed mindset. And ‘I like my work best when
I can do it perfectly without any mistakes’ is a reasonable
position to hold, not necessarily evidence of a closed mindset.
The responses were analysed using linear regression in
Excel. In Physics, a correlation of less than 0.99 between
voltage and current in an Ohm’s law experiment would be
unusual, but the social sciences are very different. In a word,
there is a lot of noise, as people are complex, and there are
multiple factors acting in the present and from the past that
influence actions.
Jacob Cohen in his 1988 book, Statistical Power Analysis
for the Behavioral Sciences, analyzed this problem and
suggested the following inferences from r values for the social
sciences [7]:
TABLE II

r

Cohen’s Effect Size

0.10

Small

0.30

Medium

0.50

Large

VI. BACKGROUND OF THE GROUP
The students in this project were first-year level-7 degree
students (previously Technician Diploma) on Ireland’s
Qualification framework, where level-7 is an ordinary degree,
level-8 an honours degree, level-9 a masters, and level-10 a
doctorate.
The first-year students of Mechanical Engineering in DIT
constitute an above average (for level-7 nationally) group of
students, with Leaving Certificate entry points typically around
350 (out a maximum possible of 625). In the Academic year
2017-18, the number of students was 48, with an average of
340 points. It is also worth mentioning the overwhelming male
bias of the class, with only three female students on the course
in that year.
VII. RESULTS
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The students were surveyed three times in the first semester
of 2017, between September and November, taking elements of
the non-cognitive variables on separate occasions, as the Big 5
questionnaire alone has 44 questions . The numbers responding
were around 40 each time, although somewhat unfortunately,
they were never the same 40! This meant for correlation
purposes across the various parameters, there were rarely more
than 30.
The overall scores were:
TABLE III

Student Scores
Grit Maths
37.12 56.79

Mind

LC Maths
6.64

Mean

30.66

STDEV

5.17

4.87

21.42

2.59

Median

30

38

60

6

Number

41

42

39

42

Max Score

48

50

100%

13

Mindset has a medium (on the Cohen Effect Size scale)
effect on the Maths test, and a small effect on the Leaving
Certificate.
TABLE IV

Correlation Pairs

N

r

Slope

Grit v LCP

42

0.262488

Negative

Cohen
Effect Size
Small

Grit v LCM

42

0.406079

Negative

Medium

Grit v LCE

42

0.056569

Positive

None

Mindset v Maths

31

0.332566

Negative

Medium

Openness v Maths

31

0.014142

Negative

None

31

0.275318

Negative

Small

31

0.068557

Negative

None

31

0.22561

Negative

Small

31

0.378814

Positive

Medium

C
30.90

E
27.39

A

N

Mean

O
33.95

33.73

20.15

Contentiousness v
Maths
Neuroticism v
Maths
Agreeableness v
Maths
Neuroticism v
Maths
Grit v Maths

30

0.149332

Negative

Small

STDEV

4.57

5.46

5.41

5.05

5.57

Big 5 v Maths

31

0.176068

Negative

Small

Median

34

31

27

34

19

Mindset v LCP

33

0.173781

Negative

Small

Number

41

41

41

41

41

Max Score

50

45

40

45

40

The mean Mindset score was 30.66, which on Carol
Dweck’s scale is a G1. She describes this as: ‘You are unsure
about whether you can change your intelligence. You care
about your performance and you also want to learn, but you
don’t really want to have to work too hard for it.’ [8] This is an
excellent description of many of our students.

Of the Big 5 personality types, the strongest positive
correlation was for Neuroticism, with an r-value of 0.378. So
the less emotionally stable the student, the better they perform
at Maths!

Angela Duckworth divides the GRIT score by 10 to give a
1 to 5 scale. The score for the DIT students was 3.7, which is
high, but not in the top category of 4+.

The results are interesting, even to the point of being
surprising! GRIT has featured a lot in educational debate in the
United States in recent years, with Angela Duckworth’s book
on the topic reaching the top of the New York Times’ nonfiction list. Despite this success in the United States, GRIT had
no, or almost no, effect in predicting success in either the
second level state exams, or the college Maths test. There are
some reasons as to why this could be so:

The highest scores in the Big 5 survey was for Openness
(33.95) and Agreeableness (33.73). contentiousness was next
with 30.90, followed by Extraversion at 27.39. lowest was
Neuroticism at 20.15 (which reversed indicates high Emotional
Stability.

1. All of the students are first years in DIT. Whatever
combination of Grit and intelligence that was required for this,
they clearly have; therefore Grit in a small sample of successful
students does not correlate well academically. This should be
different in a longitudinal study, which is being undertaken.

The caveat from Lewis Goldberg, one of the creators of the
Big 5 scale should be borne in mind when considering norms
[9]:

2. This first point is reinforced by some of Duckworth’s
success stories. In her largest project, 13,000 12th Grade
students in Boston were surveyed for their Grit, and this was
compared with their academic outcomes [10]. As this group is
in compulsory education, there is a very wide variation in their
grit scores and in their academic scores. This is not so with a
small group of engineering students.

‘One should be very wary of using canned “norms” because
it isn’t obvious that one could ever find a population of which
one’s present sample is a representative subset. Most “norms”
are misleading, and therefore they should not be used.’
The Table below shows the results of the linear correlation
analysis. In broad terms, GRIT seems to play little or no role in
predicting success in the semester Maths test, the national
Leaving Certificate points (LCP), or the national Leaving
Certificate Maths mark (LCM).

Carol Dweck’s Mindset gave some better results, with a
medium influence on success at the College Maths exam.
The Big 5 personality inventory was again surprising. Most
studies show correlations between traits such as Openness and
Contentiousness and academic success. This study saw no
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correlation between Openness and Maths, and only a small
(and negative!) correlation between Contentiousness and the
College Maths exam. On the other hand, Neuroticism saw the
most significant positive correlation with success in Maths.
One positive was the internal consistency of the results, with
students’ scores in the APA’s Big 5 trait closest to Grit,
conscientiousness, also showing no relationship to academic
success.
Most good engineers know that mild steel, whilst quite
strong, would not be a suitable material for an airframe, as it’s
almost three times denser than aluminium. It is vital that
engineers know their materials and their properties.
It is also important, though perhaps not as vital, that
educators know their students, especially their psychological
make-up. In devising teaching strategies, or new curricula, it
makes sense to work with the materials that Nature has
provided, and that cannot be done if the material properties are
unknown.
Carol Dweck’s work in particular is very important, as it
identifies a serious block to learning in those students who
have closed mindsets. Given that Professor Dweck has shown
that such students, once identified, can change their mindsets
and so go on to achieve much more academically. It would be
sensible for engineering educators, instead of trying to squeeze
in another few hours of computational fluid dynamics to
consider testing students to ascertain their psychological
profile, especially Mindset, and put in a few tutorials to
facilitate a change to growth. This could be the single most
important intervention that educators make in a student’s life.
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